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Optimization of Fabric Layout by Using Imperialist
Competitive Algorithm

Motahareh Kargar and Pedram Payvandy

Abstract— In textile industry, marker planning is one of the
main operations in the cutting fabric stage. Markerpacking is
usually used to maximize cloth exploitation and miimize its
waste. In this research, a method is used based new found
meta-heuristic imperialist competitive algorithm (ICA) and
Bottom-Left-Fill Algorithm (BLF) to achieve optimal marker
packing. Function of the proposed method was comped
with other evolutionary algorithm based marker packing
methods. The results indicate that the performanceof
presented method is 6.5% higher than other evolutitary
marker packing methods.

Keywords: Imperialist competitive algorithm, marker
packing, packing algorithms, optimization.

[. INTRODUCTION

lways for cutting pieces of garment pattern fro
fabric layers, empty spaces arise between thentalue

the irregular shape of the pattern pieces. Thestess

spaces are considered as wastes. Reducing theses\ias

factor affecting the cost of production which igglly
regarded by clothing and textile industry. Marké&nming
is classed as cutting and packing issues whictuded

finding layout with highest efficiency of no ovepla

packing of different garment pattern pieces on eeslof
paper (marker).

Generally due to the geometry of the pieces, varat
packing issues can be categorized into two grougsi®

Genetic algorithm is one of the heuristic algoriththat
has repeatedly been used in solving packing prablgm
17].Fischer and Dagli [18] and Junior et al. [19¢res
attempted to solve packing problems of pieces with
irregular shape by combining genetic algorithm and
Bottom-Left-Algorithm. Yeung and Tang [20] and Wong
and Lang [21] presented hybrid methods based ostigen
algorithm to solve packing problems of pattern pgedn
textile industry. Liu and He [22] introduced a hybr
method used genetic algorithm to solve packing lprob

of shoes pattern pieces in leather industry.

Simulated annealing is one of those meta-heuristic
algorithms which has been used to solve packinglenas
[23-25]. Gomes and Oliveira [26] presented a methpd

rr%:ombining simulated annealing with linear programgni

models to solve packing problems of pieces withgutar
shapes. Martinez and Sozuki [27] used meta-heuristi
simulated annealing algorithm to find the best fasiand
angle for pieces placement to solve packing problem

The other meta-heuristic algorithm which was coasd

to solve packing problems is Tabu Search algoritbther
researchers who used this algorithm for solvingkimac
problems of pieces with irregular shapes are Blazawat

el [28], Bennell and Dowsland [29-30]. Shalaby and
Kashkoush [31] applied particle swarm optimization
algorithm to find the best arrangement of pieceshwi
irregular shapes for replacement.

packing of pieces with regular shapes in the glash, can be observed by examining the packing problem

ceramics and paper industry, and the other is pgcéf
pieces with irregular shapes in the textile, ir@ather
industry. This study focuses on solving packingbfgms
by pattern pieces with irregular shapes which isvkm as
marker planning in clothing industry [1-2].

methods that the type of used meta-heuristic dlgorhas
a significant role in achieving the optimal solatio
Imperialist competitive algorithm (ICA) [32] is aew
evolutionary algorithm for optimization that hasceatly
been introduced for dealing with different optintiea

Over the years, two main methods have been presémte tasks [32]. This evolutionary optimization stratebgps

solve packing problems: heuristic method

anghown great performance in both convergence rate an

approximations based on linear programming [3]. dbe better global optima achievement [33-34]. But inigiestic
linear programming in packing problems are mostigompetitive algorithm has not been applied to pagki

limited to the problems with one or two dimensiomath
small pieces and more attention is directed to rtiega-

problems of pieces with irregular shape until ndvis
research investigates the performance of (ICA) dlves

heuristic methods which are able to search the espalhis kind of packing problems.

searching intelligently [4].
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The performance of ICA was tested through eightafet
patterns [21] that used in the latest researchggaoining
markers. Since the shapes of pieces has directcingra
the complexity of the problem, so we used pieces of
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reference 21 that deals specifically with the pagkof The characteristics of the marker packing problers
clothes patterns on the marker. The obtained =esuitre expressed as below in brief:

compared with results gained by Wong and Lang [ZhE a) a paper with a width W and unlimited length
present study firstly describes the packing probkleand (marker)

pieces placement and then introduces ICA. In thettio b)
section the results of ICA will be presented. Hinathe
performance of the proposed algorithm will be disad c)
for solving packing problems of irregular shapes in d)
comparison with Wong and Lang [21] method.

N pattern of pieces(i =12345 N )Nith an

area of P

Pattern of pieces are not able to rotate.

Pattern of pieces should be arranged on marker
without overlapping.

Il. METHODS As shown in Figure 1, packing efficiency isversely
Different kind of packing problems including placent of related to its length and if the marker occupietitudinal
limited set of items into one or larger rectangudajects, equals L, then the efficiency is calculated by Hiqual.
in such a manner that items do not overlap eacotr @thd
are completely contained with the object. The el -
common purpose of this process is to maximize @)
utilization and minimize wasted of raw materialstla¢

e ; . . But when the optimization met-heuristic algorithrage
minimum possible time [3]. In the step of cut piecef

X _ Bt ) used, Equation 1 is not appropriate. Because irestases
clothing pattern on fabric, the clothing industsyengaged ;¢ may be several packing with a different arrangatn

with the type of packing problems of two-dimensiosi&ip  paye the same length and thus equal fitness functio
packing of irregular shapes. This type of packingoems (efficiency). This state causes algorithm confusion

is also known as “marker-making”. Marker is a fixed finging the right direction toward the absolute ipptm
width and unlimited length paper used as a cutgogle  The proper way to solve this problem is to influertbe

on fabric [35-36]. parameter of the space between pieces to fitnesgidn.
Because it is possible that some different pachiity the
same length have different empty spaces between the
pieces and the packing that has fewer space bettheen
pieces leads algorithm towards more favorable packi
Pattern Number [30]. For example, both packing in Figure 2 have same
length. But there are fewer spaces between piecEgire
2.a.

The blue spaces are considered as empty spacesemetw
the pieces.

Figure 1 illustrates the layout of the marker pagkiThe
arrangement of packing of pattern pieces on makeuld
be found with the minimum length of the marker.

length

marker

N »
@ The spaces between the pieces ®

Fig. 2. Both packing by the same length and: & fmces between
the pieces. b) More spaces between the pieces.

Therefore the parameters of length and size of gsyzce
between the pieces is used in fitness functionutation.
Both parameters have been included in the fitnesstibn
in the form of a weighted sum. K is the size of space
1 W 1 between pieces then the rate fitness fundtios calculated
as below [30]:

st iinm

Fig. 1. lllustrates the layout of the marker pagkin
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involves two types of pixels: interior and exterioixels.
An interior pixel is the one corresponding to orfetlee
- - (2) rectilinear enclosure pixels; while other remainipigels
within the item array are exterior pixels [38] ($&gure 3).

The weights of the two terms have been determined i
series of trials setting ‘a’ to 0.7 and ‘b’ to §35].

A. Purposed Solution

In this study the goal is minimizing the length raarker Original geometry
by using the best sequence of pattern pieces &mepient
on marker. For this purpose, ICA which is a new and

powerful search algorithm is used. In this methssuaned /
the searching space include different sequenceatiénp <
pieces. During several past decade ICA implementati A\
converges toward a sequence that produce moréeetfic

marker.

To calculate fitness function during ICA implemdida, it Recttisar sclosums

is necessary to placement the set of pattern pieces
marker according to the finding sequence by ICAtHis
stage fitness function is calculated with Equafion
There are two methods to implement the shape d¢énpat
pieces in packing problems: vector and pixel metHad
using vector method for packing pieces with irregul
shaped, although operation speed is high, but exagi
the overlap of pieces needs complicated computatibhe
operation speed is low in using raster method bus i In the same manner, the marker is encoded by aag-dy
possible to examine the overlap of pieces withgutar (sheet array). This array also involves two typepirels;
shaped by easier computations [37]. Therefore pixekccupied and unoccupied pixels. Occupied pixelsttzose
method has been used in this study. pixels utilized via former placement operations,ileh
B. Pixel Method unoccupied pi)fels 'arg the remaining free .pixel'sig!m'ng
a certain location inside the sheet to a given iterdone
Pixel method is an approximate geometry handlingy adding the corresponding item array, to the tshemy
technique. The geometry of an item through thishoets at that place. Hence, for a feasible placementr{apdree
first approximated by a set of square pixels ttmamfa placement), any of the interior pixels of the itemray
rectilinear enclosure. Such an approximated fornthen should not be added to an occupied pixel within gheet
encoded by a2-Darray (item array). Alemi array array. Figure 4 illustrates the overlap of the pirethod.
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Fig. 3. Approximation of a piece by pixel meth@8].
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Fig. 4. a) Placing New piece on the marker. bea piece at the overlap threshold ¢) Emergencaveflap between the

pieces.
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C. Packing Algorithms

58

2) Move the colonies toward their relevant impesial

Many studies have been conducted in various tydes @\ssimilation).

placement technigues and various packing algorithave

3) Randomly change the position of some colonies

been proposed to solve the packing problems. AmorfiRevolution).

those following can be cited: BLLT-Algorithm, Botie
Left-Algorithm, Bottom-Left-Fill-Algorithm, TOPOS rd
Best fit algorithm [39]. Complicated packing alghms

produced packing with higher efficiency. Howeveeyh

require more time to complete the pieces packinggss.
During this time, simpler algorithms can perfornvesal

4) If there is a colony in an empire which has lowe
cost than the imperialist, exchange the positiohghat
colony and the imperialist.

5) Unite the similar empires.

6) Compute the total cost of all empires.

7) Pick the weakest colony (colonies) from the vesak

packing and determine the efficiency of some déffer empires and give it (them) to one of the empires
packing arrangement of pieces. Hence, the weakokss (Imperialistic competition).

simple algorithms was compensated by multiplicity o

packing at the same time [30].
In the present study the Bottom-Left-Fill-Algorithris

used at placement phase, which can produce antabéep
Placemenh wi

response with appropriate speed [40].
Bottom-Left-Fill-Algorithm method has two steps: #ite
first step a piece is placed at the lowest positbrthe
object that has a sufficient space for placing. meet step
the pieces will be moved to the leftmost possilsiton
of the object. Figure 5 illustrates this type otkiag. This
method produces a more dense packing in companigbn
the Bottom left and BLLT-Algorithm methods.

D. Imperialistic Competitive Algorithm

Imperialist Competitive Algorithm is a new evolutary
optimization method which is inspired by imperiatis
competition [32]. Like other evolutionary algoritemit
starts with an initial population which is calleduntry and
is divided into two types of colonies and impestdi
which together form empires. Imperialistic competit

among these empires forms the proposed evolutionary

algorithm. During this competition, weak empiredlajse

and powerful one stake possession of their colonies

Imperialistic competition converges to a state ihiok
there exists only one empire and colonies havestree
cost function value as the imperialist. The psecode of
Imperialist competitive algorithm is as follows:

1) Select some random points on the function and

initialize the empires.

8) Eliminate the powerless empires.
9) If stop conditions satisfied, stop, if not go2to

After dividing all colonies among imperialists aodkating
ithe initial empires, these colonies start movingatal their
relevant imperialist state which is based on adation
policy. Figure 6 shows the movement of a colonyams
the imperialist. In this movement, and x are random
numbers with uniform distribution as illustrated in
formulas (3&4) and d is the distance between colang
the imperialist.

x~U(0, xd) 3
~U(-. ) “4)
where and are parameters that modify the area that

colonies randomly search around the imperialist.

A

Impenalist
New position of

’ colony
/

Initial position of
colony

v

Fig. 6. Motion of colonies toward their relevantpiemialist [34]
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Fig. 5. Placement of a rectangle into a partiablaysing the Bottom-Left-Fill-Algorithm.
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In ICA, revolution causes a country to suddenlynggits
socio-political characteristics. That is, insteafl being
assimilated by an imperialist, the colony randouotignges
its position in the socio-political axis. The rewtbn
increases the exploration of the algorithm and emé the
early convergence of countries to local minimumse T
total power of an empire depends on both the pafi¢ne
imperialist country and the power of its coloniekieh is
shown in formula (5).
T.= cost( " imperialist)+

©)

+(  mean cost (colonies of'hempire)

In imperialistic competition, all empires try to k&
possession of colonies of other empires and cotteh.
This competition gradually brings about a decreasthe
power of weaker empires and an increase in the potfve
more powerful ones. This is modeled by just picksogne
of the weakest colonies of the weakest empiresnaaking
a competition among all empires to possess thdeaies.
Figure 7 shows a big picture of the modeled imfistia
competition. Based on their total power, in
competition, each of the empires will have a liketd of

taking possession of the mentioned colonies. Theemo

powerful an empire, the more likely it will possete
colonies. In other words these colonies will
certainly possessed by the most powerful empires,
these empires will be more likely to possess thény.
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empire that is not able to succeed in imperialist
competition and cannot increase its power (or asstle
prevent decreasing its power) will be eliminated.

E. The Discrete Imperialistic Competitive Algorithm

The primary algorithm proposed by Atashpaz [32] is
designed for continuous optimization problems. This
algorithm doesn’t possessed the ability to run wtrdte
problems such as permutation problem or packing
problem. But the optimization variable can be diseronly

in the time of calculation fithess functiddith making
changes in fitness function definition; the Impbsiic
competition algorithm can be used to solve discrete
problems.

In this case, the goal is to optimize a continuptablem
and the algorithm runs for a continuous problemvad,

but one interface function is used before calcotastage

of fitness function during ICA running. This intade
function discrets the variable continuous in theeti of
calculation fitness function and send it to fitnégaction

of ICA. Then, the amount of fitness function resitn the

th'SICA for continuing operation. In order to solve kexgy

optimization problems by using ICA operates asfof:

- Generate random real numbers in the range ofteero
one in number of N-var.

- Country formation and its repetition to produce
required number of countries

- Using produced countries for using in ICA.

- Using sorted place (from low to high or vice \&rsf
each country instead of its amount to assess teegth of
each country.

In fact, by using this method, ICA is applied oralre
numbers. But sorted place of real numbers is usetthe
time of calculation fithess function. Because sbrptace
of real numbers possess essential characteristidhieo
discrete problems such as been natural numbersnand
repeatability.

Figure 8 illustrates the conversion process of seqge of
real numbers to sequences pieces.

real numbers sequence
in number of N-var

5 place of each number

sorted sequence of real
numbers

2 sorted place of each
numbers

(

e

sorted sequence of
pieces

Fig. 8. Conversion process of sequence of real Bwrio sequences pieces.
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Ill. RESULTSAND DISCUSSION In order to create required diversity in searchépgce of
In this section, eight sets of sample pieces ptedefor ICA, the floated revolution was used. In this metttbe
solving packing problems by using proposed methodlitial rate (percent) of revolution was high, tigptarantees
Then, the results have been compared with obtaiemdts the diversity of searching space. Increasing decade
of Wong and Lang [21]. They used a hybrid methodctvh decreases the rate of revolution; in fact the aigor
is based on evolutionary algorithm and a heuristicking Mmostly searches among the population’s neighborhood

algorithm. Table | illustrates data of eight sefssample One of the most effective parameters on the atyuorit
performance is the number of initial country. Thevl

pieces [21].
TABLE | number of initial population leads, further speed i
DATA OF EIGHT SETSOF SAMPLEPIECES algorithm implementation. But even if the optimalugion
Problem Name  Number of Patterns Marker Width is found by the_ algo.ri_thm, the a_'nswer Is no reqstia
(inch) Although the high initial population causes low aithm
performance and wasting time but it generalizes the
SHIRT1 16 48 repeatability of desired response. Despite the itapoe
:E:Eg gj 22 of this parameter, there is no accurate way toroete the
SHIRT4 80 48 amount. Number of decades should be selected im auc
SwimM1 12 60 way to avoid algorithm saturation. Saturation oscwhen
SWIM2 60 60 the mean fitness function of countries is equahilie best
gw:m 17(?8 28 available value. In fact, the entire population s same

amount of fitness function. In this case, the athor must
The optimization was performed with Matlab 2013y stopped
Table Il shows the ICA parameters which is used fq-a-BLE algorithm was performed 15 times for eadt s
initializing of optimization process. In which panater ¢ sample. The maximum run time was 20 minutest Bes
d states the current decade index. results are obtained by using ICA-BLF reported @bl
lll. Also the results reported by Wong and Lang][2te
TABLE I illustrated in Table III.
THE ICA PARAMETERS Since the type of software and coding programs teave
Value significant influence on the mean time of algorithm

Parameter . . .
e implementation. Therefore the number of function
N . . .

UMBET O ACCAUEEN oo 50 evaluation (NFE) is used in order to have a deeper
Number of imperialg, ) 20 examination of proposed algorithm. Evaluation ahdis
Number of countriegn__ 150 function value is the most time- consuming parteath
Assimilation coefficient ) ) algorithm. The time required for algorithm perfomma
Deviation coefficient g 01 can be approxmated by u§|ng the gmount of NFE.

However, each time of function evaluation, the Sotu

Colonies share coefficient() 05 found by the algorithm is evaluated. The usefgbethm
Objective function( f ) Eq.(2)  is the one that provides proper results with lesmbier of
Revolution rate 0% ®  Function Evaluations (NFE).

TABLE IIl
ASUMMARY OF THE BEST RESULTS FOR THE EIGHT ILLUSTRAVE EXAMPLES
Proposed Methodology (ICA+BLF) ES+HP
Problem No. of
name pattern Sheet Length Efficiency fll;lnucll?gﬁ rof Sheet Length Efficiency
(inch) (%) evaluation (inch) (%)

SHIRTL 16 46.56 79.66 87725 50.77 73.07
SHIRT2 48 139.48 79.80 8792 145.44 76.53
SHIRT3 64 185.42 80.03 10907 193.05 76.87
SHIRT4 80 237.58 78.08 10882 242.11 76.62
SWIM1 12 18.11 60.73 10824 18.59 59.18
SWIM2 60 89.09 60.93 87375 91.92 59.06
SWIM3 78 121.02 60.37 11830 121.43 59.17

SWiM4 108 131.37 61.01 19929 138.26 57.97
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As is observed from Table Ill, in each of the 8 pleg, the are presented in Figure 10.

ICA-BLF method has produced markers with the lower

length and higher efficiency in compared with thg-IEP IV. CONCLUSIONS
method. Table IV shows the details of the percentey

. In this study in order to solve packing problemsew
improvement for each example.

meta-heuristic method is developed based on Imjstria
Competitive newfound Algorithm. Also packing BLF

TABLE IV algorithm is a proper algorithm in producing higiatified
METHOD COMPARISONS . . . .
Improvement packing. In comparison with previous researches ahéy
Problem name (Proposed Methodology vs. ES+HP)  used the length of the marker to calculate fitrfesstion,
(%0) this study employed the empty space between pietes
23:2% g:g? pattern placement alongside with the length ofrttaeker.
SHIRT3 3.16 This novelty in calculating fitness function afferd
EWWf 1:‘5‘2 effective guidance for searching process. The Usedg of
SWIM2 1.87 the proposed method was tested through implementati
gmm :1)}:(2)2 on the eight sets of samples.

The results have been compared to the resultsnelkdiy
researchers who used hybrid method to solve these
On average the markers of pattern categories (SHIRProblems. This hybrid method based on evolutionary
have improved by about 3.62 percentage and thennake algorithm (ES) and a type of heuristic packing &tgm
pattern categories (swim) have improved by aboBt B. (HP). The results show that markers efficiencyighesets
can be said that the (ICA) is a useful algorithmgolving  of samples are improved 1.2 to 6.56 percent. Thegeit
packing problems. can be said that the search method based on IG# is
effective way to solve marker packing problems. The
Figure 9 illustrates the graphs of average andbbst performance of ICA to solve these problems greatly
performance of fitness function in decades of ICAlepends on packing algorithms combined with it. Bese
implementation for the best results of SWIM2 andRSF2  in some cases it is possible that a particular esecgi of
set-pieces. pieces generates markers with different efficiency
According to the Figure 10 it is obvious that tl@Al according to its packing algorithms. Therefore ase of
has successfully increased the markers’ performénate using better packing algorithms than BLF algorithimen
5 to 8 during five decades. The best packing padterthere is a possibility of producing higher efficdgrmarker
generated for each example by using the proposéidoohe using Imperialist Competitive algorithm.
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Fig. 9. The graphs of the average and best perfwrmaf fithess function for the decades of impletagon of the Imperialist
Competitive algorithm (ICA) for the best results af SWIM2 set-pieces. b) SHIRT2 set-pieces.
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Fig. 10. The best packing layout for the illustratiexamples: a) SHIRT1 ( Efficiency =79.66), b) BHP ( Efficiency =79.80), c)
SHIRT3( Efficiency =80.03), d) SHIRT4 ( Efficiency78.08), e) SWIM1 ( Efficiency =60.73), f) SWIM2HEfficiency =60.93), g)
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